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DICTIONARY MANAGEMENT METHOD
AND APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a method of managing
bilingual dictionaries distributed on a network and a
machine translation method using such method.

2. Description of the Related Art

U.S. Pat. No. 4,641,264, JP-A-6-259600, JP-A-5120336
and U.S. Pat. No. 4,502,128 describe a dictionary retrieval,
a translation knowledge, a URL (uniform resource location),
an HTML (hypertext markup language) and a dictionary
distribution server/client system.

At present, 1n accordance with a development of a
network, 1n particular, a widespread of an internet, users are
able to easily access information of foreign languages which
comprise mainly English.

The JP-A-6-259600, for example, describes an example in
which users share a machine translation dictionary by effec-
tively utilizing a network, and proposes a system which 1is
connected to the network via dictionaries. When this system
1s applied to a translation, translation dictionaries of respec-
tive languages such as English and Russian are previously
connected to the system and a language of an mputted word
is discriminated. Thereafter, inputted data (1image data of
character) is transferred to a center having a corresponding
translation dictionary. According to the above-mentioned
related art, dictionaries that are used to translate specific
fields or specific languages are limited, and words that could
not be translated such dictionaries are processed as words
which cannot be translated.

In the machine translation, a quality of a dictionary and a
coverage ol words considerably affect the quality of the
translation. However, information on the internet covers a
considerably wide field. Moreover, new information appears
on the internet day by day so that 1t takes the high cost for
supplement dictionaries 1n corresponding to the increase of
words of a wide field and new words.

Further, service providers or makers of machine transla-
tion machines having dictionaries supplemented by other
servers are used to provide dictionaries of new versions at
every several months. There 1s then the problem that dic-
tionary information necessary for users can not be offered to
the users timely.

In the translation processing, since users access a dictio-
nary frequently, a dictionary access speed considerably
alfects a processing speed. In the internet, 1t cannot be
expected that its line speed 1s higher than that of a LAN
(local area network) so that, when the user accesses a
plurality of dictionaries via the internet during the transla-
tion processing, the translation cannot be completed at high
speed. Furthermore, at present to connect a client computer
installed on a home user to the internet, it 1s necessary to use
a line such as a telephone line of which the line speed 1s very
low as compared with that of the LAN. As a consequence,
it takes a lot of time for the home user to access the
dictionaries through the network, which 1s not suitable 1n
actual practice.

SUMMARY OF THE INVENTION

In view of the aforesaid aspect, 1t 1s an object of the
present 1nvention to provide a dictionary server in which a
cost for retrieving desired dictionary information can be

10

15

20

25

30

35

40

45

50

55

60

65

2

suppressed by executing retrieval requests 1 the sequential
order of high priorities given to other dictionary servers
having dictionary information of a dictionary entry or other
dictionary servers having a large possibility that they will
have dictionary information of a dictionary entry if the
dictionary entry of retrieval request does not exist on the
dictionary server at the time a dictionary information
retrieval request 1s 1ssued.

It 1s another object of the present mnvention to provide a
recording medium for use with a general information pro-
cessing apparatus and which can be read by a computer
system which stores therein processing procedures (a set of
programs and command codes) and necessary data for
translating a natural language 1nto other natural language 1n
a machine translation fashion.

It 1s a further object of the present invention to provide a
machine translation method 1n which a translated sentence
of a high quality can be created by retrieving dictionary
information through a network even if a processing speed of
a dictionary retrieval through the network 1s not suflicient
when a client executes a translation processing.

It 1s yet a further object of the present invention to provide
a dictionary information collection method for a dictionary
server 1n which a dictionary constructing work 1s supported
by preparing an unknown word having a large possibility
that 1t will be requested to be retrieved before a client 1ssues
a dictionary information retrieval request i the dictionary
server so that a responsiveness obtained at the time the
dictionary information retrieval request 1s 1ssued can be
made at a high speed.

According to the present invention, there is provided a
machine translation method of translating a document by
using a ftranslation knowledge. The machine translation
method comprises the steps of transmitting an inquiry for
inquiring a translation knowledge used to translate a syn-
tactic unit containing an unknown word and having a correct
grammar to a network when an unknown word that cannot
be translated 1s recognized during a document 1s translated,
confinuing translating a syntax following the syntactic unit,
and completing the translation of the syntactic unit by using,
an answer when the answer to the mquiry 1s received.

The mquiry step may include a first sub-step of outputting,
the syntactic unit translated in the form of having the
unknown word temporarily processed when the unknown
word that cannot be translated 1s recognized, and the syntax
completion step may 1nclude a second sub-step of outputting
the syntactic unit in which the unknown word 1n the syn-
tactic unit 1s translated by using the received answer.

The first sub-step may include a sub-step of translating the
syntactic unit having the correct grammar 1nto the syntactic
unit translated in the form of having the unknown word
temporarily processed by estimating a part of speech to
which the unknown word belongs. The second step may
include a sub-step of comparing the estimated part of speech
with a part of speech of the unknown word contained 1n the
answer, translating the unknown word 1if they agree with
cach other, and translating again the syntactic unit based on
the answer 1f they do not agree with each other.

According to the present invention, it 1s possible to
provide a retrieval method of retrieving a dictionary stored
In a storage 1n response to a request 1n an 1nformation
processing apparatus connected to a network. The retrieval
method comprises the steps of retrieving the dictionary of
the information processing apparatus when a dictionary
retrieval request concerning a dictionary entry of a docu-
ment 15 received and transmitting a retrieval request from the
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information processing apparatus to the network when the
dictionary entry does not exist in the dictionary. The trans-
mission step may include a step of determining a transmis-
sion destination to which the retrieval request 1s transmitted
based on priorities supplied to a plurality of other dictionary
servers by retrieval results received to a plurality of past
retrieval requests and a field of the dictionary entry.

In order to construct a dictionary, there may be executed
a step of determining importance of a plurality of documents
based on respective frequencies of retrieval requests to a
plurality of documents on a network, a step of retrieving an
important document from a plurality of documents 1n order
to recognize an unknown word, a step of outputting an
important unknown word to an output apparatus together
with an 1nput request of a corresponding equivalent and a
step of memorizing the equivalent inputted on the output
apparatus 1n the dictionary.

Furthermore, according to the present invention, it 1s
possible to provide a computer readable storage medium for
use with an information processing apparatus connected to
a network for translating a document by using a translation
knowledge. According to the present invention, the com-
puter readable storage medium may include a command
code for transmitting an inquiry for inquiring a translation
knowledge used to translate a syntactic unit containing an
unknown word and having a correct grammar to the network
when the unknown word that cannot be translated 1s recog-
nized during a document 1s translated, a command code for
continuing translating a syntax following the syntactic unit,
and a command code for completing the translation of the
syntactic unit by using an answer when the answer to the
Inquiry 1s received.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram showing the whole
system according to an embodiment of the present inven-
tion;

FIG. 2 is a conceptual diagram of a URL (uniform
resource location) translation frequency list;

FIG. 3 1s a conceptual diagram of a distributed dictionary
mndex;

FIG. 4 1s a flowchart to which reference will be made 1n
explaining the manner in which new dictionary entry infor-
mation 1s transmitted;

FIG. 5 1s a conceptual diagram of new dictionary entry
imnformation;

FIG. 6 1s a flowchart to which reference will be made 1n

explaining the manner in which new dictionary entry infor-
mation 1S received;

FIG. 7 1s a flowchart to which reference will be made in
explaining the manner 1n which dictionary information is
collected;

FIG. 8 1s a conceptual diagram of retrieval request data;

FIG. 9 1s a conceptual diagram of transmitting data of
retrieval result;

FIG. 10 1s a flowchart to which reference will be made 1n
explaining the manner 1n which candidate words looked up
in a dictionary are extracted;

FIG. 11 1s a diagram showing an example of a dictionary
entry estimation rule;

FIG. 12 1s a flowchart to which reference will be made 1n
explaining the manner 1n which candidate words looked up
in a dictionary are discovered;

FIG. 13 1s a conceptual diagram of a data structure for
holding bigram;
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4

FIG. 14 1s a conceptual diagram of a dictionary server
evaluation list;

FIG. 15 1s a conceptual diagram of a most suitable
dictionary server table;

FIG. 16 1s a flowchart to which reference will be made 1n
explaining a processing done by a client side 1n a translation
Processing;;

FIG. 17 1s a diagram showing an example of a part of
speech estimation rule;

FIG. 18 1s a diagram showing an example of a picture
containing an unknown portion displayed on a screen;

FIG. 19 15 a conceptual diagram of a hypothesis recording,
file;

FIG. 20 1s a conceptual diagram of an encrypt key table;

FIG. 21 1s a diagram showing an example of a translated
sentence displayed on a screen;

FIG. 22 1s a flowchart to which reference will be made 1n
explaming a processing done by a server side 1n a translation
processing;

FIG. 23 1s a diagram showing an example of a syntactic
ambiguity;
FIG. 24 1s a flowchart to which reference will be made 1n

explaining a processing done by the client side 1n a process-
ing for creating a dictionary corresponding to URL;

FIG. 25 1s a diagram showing an example of a translated
sentence 1 which an equivalent selected by the system 1s
WIong;

FIG. 26 1s a diagram showing an example of a translation
equivalent;

FIG. 27 1s a diagram showing an example of a translated
sentence obtained after an equivalent was altered;

FIG. 28 1s a flowchart to which reference will be made 1n
explaining a processing done by the server side 1n a pro-
cessing for creating a dictionary corresponding to URL; and

FIG. 29 1s a conceptual diagram of a dictionary corre-
sponding to URL.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present 1nvention will now be described with refer-
ence to the drawings.

(a) Overall Arrangement of the System

FIG. 1 of the accompanying drawings 1s a functional
block diagram showing an overall arrangement of an
embodiment according to the present invention.

As shown 1n FIG. 1, a plurality of servers 1 and a plurality
of clients 11 are connected to a network. Each of the clients
11 1s able to execute a translation processing alone by using,
a client dictionary 14 and a grammar 15. Further, when a
translation 1s executed, the client 11 requests the dictionary
server 1 to retrieve dictionary information concerning dic-
tionary entries which do not exist on the client dictionary 14,
and executes a translation by using both returned dictionary
information and the client dictionary 14. The dictionary
server 1 receives dictionary information retrieval request
concerning a certain dictionary entry from the client 11, and
returns dictionary mformation concerning the above dictio-
nary entry to the client 11.

The dictionary server 1 will be described below. A CPU
(central processing unit) 2 accesses a memory 3 and various
kinds of files, and executes the processing. The memory 3
stores therein programs which are used to execute a variety
of processing on the dictionary server 1.

A server dictionary 4 1s a translation dictionary provided
in the dictionary server 1. When the client 11 issues a
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dictionary information retrieval request, this server dictio-
nary 4 1s retrieved nitially. While only one server dictionary
4 1s provided as described above, 1 actual practice, there
may be provided a plurality of server dictionaries 4 over a
plurality of files.

A remote dictionary cache 5 1s a dictionary file 1n which
there are stored retrieval results from other dictionary serv-
ers 4 existing on the network. If the remote dictionary cache
5 1s used, then when a retrieval request for the same
dictionary entry 1s issued again, it 1s possible to obtain
dictionary information without 1ssuing a retrieval request to
other dictionary server 1.

A dictionary server list 6 1s a list of other dictionary
servers existing on the network. However, all of other
dictionary servers on the network need not always be
described 1n the dictionary server list 6.

A URL translation frequency list 7 represents a frequency

at which URL used as ID of HITML document 1s requested
to be translated and each URL 1s requested to be translated
per unit time. FIG. 2 shows an example of a URL translation
frequency list. In the case of FIG. 2, there i1s shown a
frequency of a translation request per day. Specifically, with
respect to URL “http://nfo.../robots.html” of 1, 60 transla-
fion requests are made on X month and Y day.

A dictionary server evaluation list 8 stores therein history
information concerning past retrieval requests at every dic-
fionary server in the dictionary server list 6.

A distributed dictionary index 9 1s an index file which
manages dictionary entry information of the server dictio-
nary 4, the remote dictionary cache 5 and other server
dictionary and dictionary information of 1ts own dictionary.
FIG. 3 shows a structure of the distributed dictionary index
9. As shown 1n FIG. 3, the distributed dictionary idex 9
comprises dictionary entries and dictionary information
pointers indicative of places in which dictionary information
for each dictionary entry is stored. The dictionary 1informa-
fion pointer comprises a dictionary information pointer
classification and a pointer value. The dictionary informa-
fion pointer classification shows a place where dictionary
information 1s stored. The dictionary information pointer
classification 1s L 1n the case of the server dictionary 4, C 1n
the case of the remote dictionary cache 5 and R in other
cases. A meaning of the pointer value changes depending on
the classification of the dictionary information pointer.
When the classification 1s L, for example, the dictionary
information pointer shows a byte position of dictionary data
in a local dictionary. When the classification 1s C, the
dictionary information pointer shows a byte position of
dictionary data in the remote dictionary cache §. When the
classification 1s R, the dictionary information pointer shows
a dictionary server ID (Internet Protocol (IP) address). In the
case of the dictionary entry “Big Blue”, for example, dic-
fionary information 1s stored 1n two places. One 1s stored as
data which begins with the position of 44825 bytes from the
beginning of the remote dictionary cache 5. Another one 1s
stored 1n the dictionary server of which the IP address is
133.144.18.152.

A dictionary 10 corresponding to URL 1s a dictionary on
which there 1s registered individual information containing,
dictionary entry and equivalents at every URL. In the case
of dictionary entry having a plurality of equivalents 1n

Japanese such as president—“ kg7 (DAITORYO, in

English, the president), “# & ” (SHATYO, person selected so
as to lead a group), if the president in a certain URL is used

as a meaning of only “#t£”, dictionary information of

president—“#t&” 1s stored in this dictionary 10 corre-
sponding to URL.
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Also 1n this client 11, the CPU 12 accesses the memory 13
and the file, and executes the processing similarly to the
dictionary server 1. On the memory 13, there are stored
programs and data that are used to execute a translation on
the client 11 side. A client dictionary 14 and a grammar 15
are data used 1n the translation processing. Dictionary infor-
mation retrieved from the dictionary server 1 1s stored 1n the
client dictionary 14. Thus, when the same word appears later
on, a retrieval request for the dictionary server 1 becomes
unnecessary. Moreover, 1t becomes possible to obtain infor-
mation of a word required by a user free from a fixed
classification such as a field.

(b) To Collect Unknown Words in the Dictionary Server

A method of managing dictionary information in the
dictionary server 1 will be described next. Each of the
dictionary servers 1 1s adapted to exchange information
between 1t and other dictionary server via the network in
order to manage dictionary information. In this embodiment,
information 1s exchanged between the dictionary servers
according to the following two kinds of modes.

As a first mode, there will be described the manner 1n
which a new dictionary entry 1s transmitted and received
between the dictionary servers 1. Each dictionary server 1 1s
able to transmit a new dictionary entry registered on the
server dictionary 4 to other dictionary server. A dictionary
server to which the new dictionary entry 1s transmitted 1s
able to decide a dictionary entry with reference to the
dictionary server list 6. A dictionary server which received
the new dictionary entry information 1s able to learn an ID
of a dictionary server which holds the dictionary entry and
the equivalent.

The manner in which the dictionary server transmits
additional dictionary entry information will be described
with reference to FIG. 4.

Referring to FIG. 4, when the registration of dictionary
information indicative of a new dictionary entry occurs in
the server dictionary 4, the dictionary server 1 registers the
new dictionary entry in a new dictionary entry list (not
shown) (step S11). When a new dictionary entry is registered
on the server dictionary 4, istead of registering each
dictionary information at every registration, dictionary
information of a predetermined number may be registered or
dictionary information may be registered 1n accordance with
a timer (not shown). A new dictionary entry may be regis-
tered by a manager of the dictionary server or a dictionary
created by a user may be registered on the dictionary server.
A new dictionary entry information transmission and recep-
tion program loaded onto the memory 3 1s activated at every
constant time by the timer (step S12). Then, it is determined
whether or not a dictionary entry 1s registered on the new
dictionary entry list (step S13). If the dictionary entry is
already registered on the new dictionary entry list as repre-
sented by a YES at the decision step S13, then the new
dictionary entry information transmission and reception
program transmits new dictionary entry information to the
dictionary server in the dictionary server list 6 (step S14).
The new dictionary entry information has a structure shown
in FIG. 5. As shown 1n FIG. 5, a dictionary server ID 1s an
ID number (IP address) of a dictionary server which trans-
mitted the new dictionary entry information, which 1s fol-
lowed by the dictionary entry list of new dictionary entries.

An arbitrary dictionary server executes a new dictionary
entry reception processing and registers a dictionary entry in
accordance with a procedure shown in FIG. 6.

Referring to FIG. 6, following the start of operation, 1t 1s
determined by other dictionary server at the next decision
step S15 whether or not transmitted registered dictionary
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entry information 1s received. If the transmitted registered
dictionary entry information 1s received as represented by a
YES at the decision step S15, then other dictionary server
executes a dictionary entry registration processing (step
S16). Specifically, the dictionary server compares the
received new dictionary entry information with the dictio-
nary. If it 1s determined that the new dictionary entry 1s an
unknown word, then a dictionary entry and the ID number
of the server in the new dictionary entry information are
stored 1n the distributed dictionary index 9. In this manner,
cach dictionary server 1s able to learn dictionary entry
information of dictionaries of a plurality of other dictionary
servers distributed and connected to the system. At that time,
for the dictionary server which receives the new dictionary
entry information, new dictionary entry information is only
the dictionary entry and the IP address of the internet
protocol. Thus, as compared with the case 1 which new
dictionary entry information containing equivalents, a dis-
crimination of a part of speech, a semantic or syntactic
attribute and a field of a dictionary entry 1s registered, it 1s
frequently observed that the dictionary server may save a
dictionary capacity. Moreover, the dictionary server which
transmits new dictionary entry information is able to prevent
information of equivalent, which 1s newly registered by the
above dictionary server, from being duplicated without
permission. Thus, the present invention may be applied to
the case 1n which an accounting for communicating an
equivalent, a part of speech, an attribute and a field 1is
executed between the dictionary servers.

As a second mode, there will be described a processing
for collecting dictionary information on the dictionary
server. According to the dictionary information collection
processing, a word having a large possibility that it will be
used from now on 1s automatically estimated by using
statistical 1nformation concerning URL translation {fre-
quency that has been accumulated i1n the past, and other
dictionary server having a large possibility that it will have
dictionary information of the estimated word 1s automati-
cally estimated by using statistical information accumulated
concerning other servers, whereby necessary dictionary
information can be collected while suppressing a commu-
nication cost.

The whole of the dictionary information collection pro-
cessing will heremnafter be described with reference to FIG.
7.

Referring to FIG. 7, and following the start of operation,
a dictionary information collection program may be acti-
vated at every constant time by monitoring a time with the
timer (step S21). The dictionary information collection
program predicts based on the URL translation frequency
list 7 a translation frequency document having a possibility
that it will be translated from now on (step S22). The
dictionary mformation collection program 1s able to predict
the translation frequency document based on the result
obtained when the frequency of dictionary retrieval requests
1ssued by the document to the URL 1s analyzed statistically.
In the embodiment according to this invention, the following
two prediction methods will be described, for example.

() URL in which an average of dictionary retrieval
request frequency per unit time 1s greater than a threshold
value; and

(b) URL in which a rate of change of dictionary retrieval
request frequency per unit time 1s greater than a threshold
value.

The method (a) is a method of selecting a document of
which the translation 1s constantly and frequently requested
such as a home page of a certain magazine which is popular
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continuously. The method (b) is a method of selecting a
newly provided URL which 1s considerably popular.

While the URL which is greater than the threshold value
1s selected as described above, the present invention is not
limited thereto, and other methods of selecting URLs which
are previously determined in the sequential order of high
average of translation frequencies and high rate of change
may be used. In addition to the translation frequency in
actual practice, code (e.g. —1) indicative of highest priority
1s set on the URL ftranslation frequency list 1n a manual
fashion, and the above-mentioned code may be constantly
used as a target of the unknown word collection processing
regardless of the translation frequency 1n actual practice.

While the document having the large possibility that it
will be translated from now on 1s predicted based on the
frequency of the translation request to the URL as described
above, the present mnvention 1s not limited thereto, and the
dictionary server may be served also as proxy server of
WWW. In this case, since frequency information of access
to the URL may be obtained, a similar processing may be
executed based on the access frequency information and
information indicative of a language of the HI'ML docu-
ment.

Then, a URL having a high translation frequency is
selected, and an HITML document corresponding to the URL
is obtained (step S23). While an example in which the whole
of this document 1s obtained will be described herein, the
present invention 1s not limited thereto, and other methods
such as a method 1n which an HIML document obtained in
the previous access 1s saved, a difference between the above
HTML document and this HIML document 1s calculated
and only a newly added portion 1s to be processed or a
method 1 which an HI'ML document indicated by a
previously-determined character string (e.g. “What’s
New!”, etc.) is obtained and may be used as a processing
target.

After the HITTML document 1s obtained, candidate words,
or words subject to a process of retrieving to other dictionary
servers, looked up 1n a dictionary in that document are
determined (step S24). The candidate words looked up in a
dictionary are words appearing in the HTML document thus
obtained and of which accurate dictionary information can-
not be obtained from the server dictionary 4. The following
three cases will be described.

(a) In the case where words are not registered in a
dictionary: words called unknown words 1n a machine
translation;

(b) In the case of proper nouns: although they are regis-
tered on a dictionary as words, they have a special meaning;
and

(c) In the case of compound words: although they are
individually registered on a dictionary, compound words
have a special meaning. With respect to a compound word
of Big Apple (New York), big and apple are registered on a
dictionary but a compound word “Big Apple” 1s not regis-
tered on the dictionary.

The manner 1n which candidate words looked up 1n a
dictionary are selected will be described more 1n detail later
on (FIG. 10).

After the candidate words looked up in a dictionary are
determined at the step S24, then control goes to the next step
S25, whereat priorities of other dictionary servers are deter-
mined. The step S25 will be described more 1n detail later
on.

A retrieval request of dictionary information concerning
candidate words looked up 1n a dictionary 1s 1ssued to other
dictionary servers 1n accordance with the determined priori-
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ties (step S26). F1G. 8 shows a structure of retrieval request
data used at the step S26. As shown 1n FIG. 8, the retrieval
request data comprises a destination of retrieval request, a
retrieval depth, a dictionary entry, a URL and a time of
retrieval request 1ssued. There are provided two kinds of
destination of retrieval request, 1.e. L and R. When the
destination of retrieval request 1s L, dictionaries on the
dictionary servers which receive the retrieval request, 1.e.
only the server dictionary and the remote dictionary cache 5
are used as destinations of retrieval request. When the
destination of retrieval request 1s R, both of dictionary on the
dictionary server which receives the retrieval request and
other dictionary server are used as destinations of retrieval
request. The retrieval depth indicates the number of dictio-
nary servers through which the retrieval request is 1ssued 1n
response to the dictionary retrieval request from a certain
client. Assuming now that a certain dictionary server 1ssues
retrieval requests to n dictionary servers on average, then the
number of dictionary servers which receive the retrieval
requests becomes the order of the exponential function of
the retrieval depth, thereby rapidly increasing a traffic.
Therefore, the user 1s inhibited from issuing a retrieval
request of which the retrieval depth 1s greater than a prede-
termined value. The dictionary entry 1s a character string of
a dictionary entry which becomes a destination of retrieval
request. When a document to be translated 1s an HTML
document on the network, a URL of such document 1s stored
in the URL. In other cases, a default 1s set 1n the URL. In the
time of retrieval request 1ssued, there i1s stored a time 1n
which the first retrieval 1s executed by the client with respect
to the dictionary entry. A retrieval request of which the time
clapses by a predetermined time from the first retrieval 1s
discarded. Alternatively, the time of retrieval request 1ssued
1s not limited to the time in which the client issues the
retrieval request but a deadline to return a retrieval result
may be set and a retrieval request which did not meet the
deadline may be discarded.

When the retrieval result returned data obtained at the step
S26 1s received and the retrieval 1s successtul, dictionary
data is updated (step 27). FIG. 9 shows a structure of the
retrieval result returned data. As shown 1n FIG. 9, the
retrieval result returned data comprises a dictionary server
name, a success tlag, a contents classification, an encipher-
ment flag and dictionary information. The dictionary server
name 1S a dictionary server ID 1n which there 1s stored this
dictionary mformation. The success flag 1s a flag indicating
whether or not the retrieval 1s successful. The contents
classification represents contents classification of dictionary
information. When the contents classification 1s E, it repre-
sents only that the dictionary entry exists 1n the dictionary
server 1ndicated by the dictionary server ID. When the
contents classification 1s C, it represents that dictionary
information concerning the dictionary entry itself 1s
obtained. The encipherment flag 1s a flag which indicates
whether or not this dictionary information is enciphered.

When the retrieval 1s successtul, the following three
processings are executed. Firstly, when other dictionary
server transmits dictionary information which 1s not
enciphered, data which results from copying dictionary
information 1s stored in the remote dictionary cache 5, and
the distributed dictionary index 9 1s updated. Secondly,
when only data indicative of the existence of dictionary
information concerning the dictionary entry 1s transmitted,
the dictionary entry i1s added to the distributed dictionary
index 9, and the dictionary server name 1s stored as a pointer
for 1dentification.

Thirdly, when enciphered dictionary information 1is
obtained, data 1s stored in the remote dictionary cache § or
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data 1s discarded. When 1t 1s clear that the user of the client
has a key for decoding enciphered dictionary information,
¢.2. when 1t 1s previously determined that the dictionary
servers exchange dictionary information there-between, it
the enciphered data 1s held as 1t 1s and dictionary information
1s transmitted together with the dictionary server ID i1n
accordance with the retrieval request from the client, then
the dictionary information decoded on the client side can be
utilized. In other cases, dictionary information cannot be
utilized, and hence data 1s discarded.

Referring back to FIG. 7, 1t 1s determined at a decision
step S28 whether or not all URLSs are processed. If all URLs
are not processed as represented by a NO at the decision step
S28, then control goes back to the step S23, whereat the step
S23 and the following steps are repeated. If on the other
hand all URLSs are processed as represented by a YES at the
decision step S28, then control goes back to the step S21.
According to the above-mentioned processing, it 1s possible
to obtain dictionary information concerning a word which
does not exist in the dictionary server and which has a large
possibility that 1t will be required for the translation from
Nnow on.

The manner in which candidate words looked up 1n a
dictionary are selected (step S24 in FIG. 7) will hereinafter
be described 1n detail with reference to FIG. 10.

In the processmg in which candidate words looked up 1n
a dictionary are selected, while the server dictionary 1s being
retrieved, candidate words looked up 1n a dictionary are
selected by executing a morphological analysis. While a
simple method using a blank as a pause between words will
be described because the embodiment of the present inven-
tion 1s applied to English, the present imnvention may be
applied to a morphological analysis processing method
described 1n Japanese laid-open patent application No.
58-40684.

Referring to FIG. 10, and following the start of operation,
an HTML tag 1s deleted from the HITML document and only
a character string which becomes a target of the processing,
for selecting candidate words looked up 1n a dictionary is
extracted from the HIML document (step S301).

If characters such as blank, period or comma are discov-
ered by searching the extracted character string to be
processed, a character string ranging from the immediately-
preceding blank character to the present blank character 1s
extracted as a candidate word (step S302).

A candidate word of a dictionary entry 1s estimated from
the extracted word (step S303). In that case, a rule shown in
FIG. 11 1s used. When a word 1s a word having a regular
inflection, 1t 1s general that only a root form of such word 1s
registered as a dictionary entry. Therefore, if the extracted
word 1s an inflection form of a word which regularly
changes, then the extracted word i1s not registered as a
dictionary entry. With respect to the iwrregular verb, its
inflection form 1s also registered as a dictionary entry.

Then, 1t 1s determined whether or not the candidate word
of the dictionary entry is registered on the dictionary (step
S304). If the candidate word of the dictionary entry is
registered on the dictionary as represented by a YES at the
decision step S304, then control goes to a step S307.

If on the other hand the candidate word of the dictionary
entry 1s not registered on the dictionary as represented by a
NO at the decision step S304, then control goes to the next
decision step S305, whereat it 1s determined whether or not
all dictionary entry estimation rules are applied. If all
dictionary entry estimation rules are not yet applied as
represented by a NO at the decision step S305, then control
ogoes back to the step S303, whereat the processing for
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estimating the candidate word of the dictionary entry 1is
repeated. If on the other hand all rules are already applied as
represented by a YES at the decision step S3085, then 1t 1s
determined that the candidate word of the dictionary entry 1s
a candidate word looked up 1n a dictionary. Then, the
dictionary entry 1s registered on the dictionary as the can-
didate word looked up in a dictionary (step S306).

Then, the dictionary entry of the word thus obtained 1s
registered on a word table (not shown) (step S307). The
word table 1s a table 1n which dictionary entries of words
contained 1n the sentence which 1s now being processed are
stored 1n the sequential order of the appearance.

Then, a candidate word of the candidate words, such as a
compound word and a proper noun, looked up in a dictio-
nary and which is not an unknown word is extracted (step
S308). This processing will be described more fully later on
(FIGS. 12 and 13).

When the candidate words looked up 1n a dictionary are
compound words, it 1s determined whether or not the can-
didate words looked up 1n a dictionary are already regis-
tered. If the compound words are already registered, then the
compound words are deleted from the list of candidate
words looked up in a dictionary (step S309).

Then, 1t 1s determined at the next decision step S310
whether or not all texts are already processed. If there are
texts that are not yet processed as represented by a NO at the
decision step S310, then control goes back to the step S302
and the following steps are repeated. If all texts are already
processed as represented by a YES at the decision step S310,
then control 1s ended.

Then, the processing for discovering candidate words
looked up 1n a dictionary and which are not unknown words
(step S308 1in FIG. 10) will be described more 1n detail with
reference to FIG. 12.

Referring to FIG. 12, and following the start of operation,
it 1s determined at the next decision step S3081 whether or
not the dictionary entry i1s a proper noun. When a word 1s
located at the position other than the beginning of a
sentence, if the character string of the dictionary entry in the
text 1s a capital letter, then it 1s determined that the word 1s
a proper noun. If not, then 1t 1s determined that the word 1s
not a proper noun.

If 1t 1s determined at the decision step S3081 that the
dictionary entry 1s the proper noun, then the dictionary entry
1s registered as a candidate word of candidate words looked
up in a dictionary (step S3082).

Then, the dictionary entry and a word which appears
immediately before the dictionary entry are stored as bigram
(step S3083). FIG. 13 is a conceptual diagram showing a
bigram storing table. The bigram storing table stores all of
adjacent bigrams 1n the text together with frequencies. The
bigram storing table comprises a list of first word 1n bigram
and a list of second word 1n bigram. A list of 1th word 1n
bigram comprises a character string of a word which appears
ith of bigram, a frequency of a word string up to 1th word and
a pointer of 1+th word of 1+1th word string which follows the
word string of 1th word. In the case of FIG. 13, for example,
it 1s to be understood from the list of first word 1n bigram that
“Big” appears twice. Also, having searched the pointer of
“Big”, it 1s to be understood that “Big Blue” appears twice
as a bigram which begins with “Big”.

Referring back to FIG. 12, the frequency of the discov-
ered bigram is counted (step S3084). If the frequency is
oreater than a predetermined threshold value, then the big-
ram 15 registered as candidate words looked up 1n a dictio-
nary (step S3085).

The processing for determining priority of other dictio-
nary server at the step S25 in FIG. 7 will be described next.
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If the dictionary entry does not exist 1n 1ts own server
dictionary, the dictionary server according to the present
invention 1ssues a dictionary entry retrieval request to other
dictionary server so that the dictionary server according to
the present invention may use dictionaries distributed on the
network. At that time, if it 1s clear which dictionary server
the retrieved dictionary entry exists, 1.€. the dictionary entry
exists 1 the distributed dictionary index 9, the dictionary
server 1ssues the retrieval request to such dictionary server.
However, if the dictionary server having dictionary infor-
mation ol dictionary entry 1s not clear, 1.e. the dictionary
entry does not exist 1n the distributed dictionary index 9,
then the dictionary server according to the present invention
makes an inquiry to other dictionary servers in the dictionary
server list 6. At that time, when the dictionary server makes
an 1nquiry to an arbitrary dictionary server in the dictionary
server list 6, a retrieval efficiency 1s considerably low. Also,
when each dictionary server makes an inquiry to a plurality
of dictionary servers at the same time, a traflic increases
exponentially, which causes a serious problem. Therefore, 1t
1s prepared that the dictionary server according to this
embodiment 1s provided with a function to determine a
priority of a dictionary server when a document which 1s a
translation target 1s translated, and makes an 1nquiry 1n the
sequential order of high priority.

The processing for determining the priorities of the dic-
tionary servers 1s executed by the following three methods.

According to a first method, the dictionary server 1is
determined by using the dictionary server evaluation list 8.
FIG. 14 shows an example of the dictionary server evalua-
fion list 8. The dictionary server evaluation list 8 stores
histories of results about the past retrieval requests 1ssued to
the respective dictionary servers on the dictionary server list
6. In this embodiment, as the histories, there are stored a
retrieval frequency indicative of the frequency of retrieval
requests, a success frequency indicative of the frequency of
successtul retrievals and an equivalent alteration frequency
indicative of the frequency at which the retrieved equivalent
1s altered by the user. The following value 1s calculated with
respect to the respective dictionary servers, and the dictio-
nary servers are retrieved in the sequential order of the
following value.

(evaluated value)=(success frequency)*{(retrieval frequency)-
(equivalent alteration frequency))/(retrieval frequency)~

According to a second method, there 1s determined a
dictionary server which 1s particularly suitable for translat-
ing the HIML document which was already obtained and
became a target to be processed. The HI'ML document to be
processed 1s extracted from the URL column of the retrieval
request data. At the step S307 1n FIG. 10, when the dictio-
nary entry 1s registered on the word table, by searching the
distributed dictionary index 9, a most suitable dictionary
server table 1s created in response to a word of which
dictionary mnformation exists in the remote dictionary cache
S or other dictionary server. FIG. 15 shows an example of
the most suitable dictionary server table. The dictionary
server table shows the dictionary server ID and the frequen-
cies at which words stored 1n each dictionary server appear
in the HI'ML document. Accordingly, it 1s possible to
estimate a dictionary server which contains much more
words of the target HIML document. Thus, with reference
to this most suitable dictionary server table, words are
retrieved 1n the sequential order of high frequency.

According to a third method, similarly to the second
method, there 1s determined a dictionary server which 1is
most suitable for translating an HTML document which 1s to
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be processed at present. After the fields 1n which words are
in use are stored 1n a dictionary, at the step S307, their fields
are extracted with respect to words of which the dictionary
entries exist 1n the server dictionary, and the field of the
whole text 1s judged. Then, stmilarly to the first method, the
retrieval frequency, the success frequency and the equivalent
frequency relative to the dictionary server are stored at every
field of the document. Then, when a dictionary information
retrieval request relative to a new document 1s issued,
nitially, the field of the document 1s judged, and a dictionary
server having a largest possibility that the retrieval will
become successiul 1n that field 1s selected. The possibility
that the retrieval will become successtul can be calculated at
every field by the aforementioned equation of the first
method.

The manner 1n which the dictionary server automatically
collects the unknown words has been described so far.
According to the above-mentioned processing, while a com-
munication cost 1s being suppressed, it 1s possible to collect
information of a word having a large possibility of being
used from now on from unknown words which do not exist
in the dictionary server. Also, there 1s increased the possi-
bility that the user of the dictionary server will be able to
obtain dictionary information only from the dictionary
server accessed by the user. Thus, 1t 1s possible to suppress
a communication cost required to look up other dictionary
SEIVETS.

(c) Machine Translation

A machine translation method using a dictionary server
will be described. In the machine translation method accord-
ing to this embodiment, during a translation 1s executed, the
client side recognizes a portion which cannot be translated
such as an unknown word by using a dictionary and a
crammar and also 1ssues a retrieval request of a translation
knowledge such as dictionary information to the dictionary
server which has been described so far. At that time, dic-
fionary information 1s not always returned from the dictio-
nary server immediately. Therefore, the client side sets a
hypothesis about information necessary for the translation
with respect to the portion which cannot be translated such
as an unknown word, executes a translation based on the
hypothesis, and displays a translated result. At the time the
translation knowledge such as the dictionary information 1is
returned from the dictionary server to the client side, by
changing the translated sentence based on the returned
translation knowledge, the client side 1s able to output a
translated result of which the quality 1s higher than that of a
translated result obtained when the client executes a trans-
lation alone. Initially, the processing executed on the client
side will be described with reference to FIG. 16. By way of
example, a case 1n which a document containing a sentence
“135 1s FIFO buffer 1n which memory access requests are
latched.” 1s translated will be described hereinafter. In this
example, let 1t be assumed that latch, FIFO are unknown
words 1n the client dictionary 14.

Referring to FIG. 16, and following the start of operation,
an mput sequence 1s analyzed 1n a morphological analysis
fashion by using only the client dictionary 14 (step S401).
The morphological analysis 1s executed by the CPU 12 1n
accordance with a morphological analysis program stored 1n
the memory 13. In that case, a word which becomes an
unknown word 1s stored 1n a list of candidate words looked
up 1n a dictionary.

Then, the processing for selecting candidate words looked
up in a dictionary is activated (step S402). Contents of this
processing are similar to those of the processing executed by
the dictionary server at the step S24 1n FIG. 7. In the above
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sentence as an example, FIFO, latch which are unknown
words are selected as candidate words looked up 1n a
dictionary.

When the candidate words looked up 1n a dictionary are
selected at the step S402, the client requests a retrieval of
dictionary information concerning the candidate words
looked up in a dictionary to the dictionary server (step
S403). A structure of retrieval request data transmitted to the
dictionary server is similar to the data structure (FIG. 8)
obtained when the dictionary server requests the retrieval
request of the dictionary information to other dictionary
server. The entry words (FIFO, latch in the case of this
example) which become the retrieval request targets are
stored in an issued retrieval request list (not shown). Inquir-
ing the dictionary information of the unknown words to the
dictionary server, the client goes on with the translation
processing of the document to be translated without awaiting
the result of the inquiry.

A processing for setting a hypothesis of candidate words
looked up 1 a dictionary 1s executed on the translated
portions of the unknown words (step S404). This processing
enables the translation processing of the sentence containing
candidate words looked up 1n a dictionary to the dictionary
server to be executed 1n an asynchronous fashion with the
retrieval to the dictionary server, and 1s executed by a
hypothesis setting program stored 1n the memory 13. In this
processing, results obtained when a part of speech with
respect to the candidate words looked up 1n a dictionary are
stored 1n a word table obtained as a result of the morpho-
logical analysis. Then, the translation 1s executed by using
the word table. As a hypothesis setting rule for a part of
speech, there 1s used a rule shown 1n FIG. 17. The hypothesis
setting processing 1s executed by a combination of the
dictionary entry estimation rule shown in FIG. 11 and the
hypothesis setting rule shown 1 FIG. 17. Specifically, a
dictionary entry 1s estimated by the dictionary entry estima-
tion rule, and 1t 1s checked whether or not the hypothesis
setting rule can be applied to the dictionary entry. In the
above-mentioned example, in the case of “FIFO”, this word
“FIFO” 1s not matched with the rules indicative of adverb,
adjective and verb of FIG. 17, and a hypothesis of noun 1s
set based on other conditions. According to a similar
processing, in the case of “latched”, there 1s set a hypothesis
of a past form of a verb.

When the hypothesis is set, a syntactic analysis (step
S405), a syntactic transfer (step S406) and a generation
processing (step S407) are executed by using the hypothesis,
thereby resulting 1n a translated sentence being obtained. To
be concrete, the CPU 12 executes the processing in accor-
dance with a syntactic analysis program, a syntactic transfer
program and a generation program stored in the memory 13.

At that time, since “FIFO” and “latched” are unknown
words so that a complete translated sentence cannot be
obtained, a translated sentence containing words that are not
yet translated is displayed as shown in FIG. 18 (step S408).
In FIG. 18, the portions of “FIFO” and “latched” may be
displayed as blanks or symbols. Moreover, the portions of
“FIFO” and “latched” are emphasized in display 1n order to
indicate a fact that the dictionary retrieval request 1s now
being 1ssued to the dictionary server.

Then, there is created a hypothesis recording file (step
S409). The hypothesis recording file is a file which stores a
hypothesis set with respect to candidate words looked up 1n
a dictionary when a word to be looked up 1n a dictionary
exists 1n a document to be translated. FIG. 19 shows an
example of the hypothesis recording file. The hypothesis
recording file stores at every candidate word looked up 1n a
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dictionary a position at which a sentence 1n which a word
appears 1s located in an original sentence file, a position at
which a sentence obtained as a translated result 1s located 1n
a translated sentence {file, a position at which an equivalent
of a candidate word looked up 1n a dictionary 1s located, a
part of speech hypothesized, etc. The example of FIG. 19
shows the following thing.

The mput sequence “135 1s FIFO buffer in which memory
access requests are latched.” begins with 115-th byte and
ends with 176-th byte 1n the document to be translated. The

translated sentence “1 3 S Axy7»r+x ERkpslatch

2hBFIFO/Sy 77 ¢$H %[ begins with 120-th byte of trans-
lated sentence document and ends with 177-th byte.

Moreover, an equivalent “latch& i %" of the unknown word
of “latched” begins with 147-th byte and ends with 151-byte.

The equivalent “FIFO” of the unknown word of “FIFO”
begins with 158-th byte and ends with 161-th byte.

Referring back to FIG. 16, 1t 1s determined 1n the next
decision step S410 whether or not a retrieval result is
received from the dictionary server in response to the
retrieval request transmitted to the dictionary server at the
step S403. The retrieval result 1s stored mm a temporary
dictionary (not shown). The client retrieves a word in the
1ssued retrieval request list by the temporary dictionary. If
the word 1s already stored as the dictionary entry, then 1t 1s
determined that the retrieval result i1s already received. A
structure of the retrieval result 1s similar to the data structure
(FIG. 9) of the result received relative to the retrieval request
transmitted by the dictionary server to other dictionary
server. However, 1t 1s assumed that the contents classifica-
tion 1s constantly C and that dictionary information is stored.
When the encipherment flag 1s held at 0, the dictionary
information 1s copied to the temporary dictionary as 1t is.
When the encipherment flag 1s held at 1, with reference to
an encrypt key table, an encrypt key 1s obtained from the
dictionary server ID of the dictionary server to execute a
decoding processing, whereby information obtained after
the decoding processing 1s copied to the temporary dictio-
nary. FIG. 20 shows an example of the encrypt key table.
The encrypt key table 1s a list on which there are stored
dictionary-server IDs and encrypt keys necessary for decod-
ing dictionary mformation from the dictionary server. The
encrypt key 1s obtained in advance when the user of the
client makes a contract with a provider of each dictionary
server. Thus, each server becomes able to provide dictionary
information to only the user of the client which makes a
contract with the manager of each dictionary server.

If the retrieval result 1s already received as represented by
a YES at the decision step S410, then the hypothesis
recording file 1s looked up by the hypothesis examining
program stored in the memory 13, and further the dictionary
entry is deleted from the issued retrieval request list (step
S411). If the retrieval result is not yet received as repre-
sented by a NO at the decision step S411, then control goes
back to the step S401, whereat the next sentence 1s pro-
cessed. If the hypothesis 1s correct as represented by a YES
at the decision step S411, then control goes to a step S412,
whereat the character string position of the equivalent of the
candidate word looked up 1n a dictionary 1s obtained from
the hypothesis recording file, and the retrieved equivalent 1s
replaced with a word having an inflection based on an
attribute 1n the hypothesis recording file. If the hypothesis 1s
incorrect as represented by a NO at the decision step S411,
then control goes to a step S413, whereat the sentence 1s
again translated by using the retrieved dictionary informa-
tion and the whole of the character string of the translated
sentence 1s replaced. Then, control goes to a step S414,
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whereat the altered translated sentence 1s displayed on the
screen. FI1G. 21 shows the translated sentence displayed on
the screen.

The processing on the server side will be described with
reference to FIG. 22.

Referring to FIG. 22, and following the start of operation,
if the server 1s requested to retrieve a certain dictionary entry
in the processing (step S403 in FIG. 16) on the client side,
the dictionary server retrieves the distributed dictionary
index 9 to determine whether or not the dictionary entry
exists (step S101). If the dictionary entry does not exist as
represented by a NO at the decision step S101, then control
goes to a step S109. If the dictionary entry exists as
represented by a YES at the decision step S101, then control
goes to a step S102, whereat a corresponding dictionary
information pointer 1s obtained, and a pointer classification
1s checked at a step S103. If the pointer classification
designates the server dictionary, then control goes to a step
S104. If the pointer classification designates the remote
dictionary cache §, then control goes to a step S105. If the
pointer classification designates other dictionary server, then
control goes to a step S106.

If the pointer classification designates the server
dictionary, then control goes to the step S104, whereat
dictionary information 1s read out from the server dictionary.
However, 1f there exists a dictionary corresponding to URL
corresponding to a value of URL column in the retrieval
request data, then 1t 1s determined whether or not a dictio-
nary entry exists in the dictionary corresponding to URL. It
the dictionary corresponding to URL exists, then dictionary
information 1s read out from the dictionary corresponding to
URL.

If the pointer classification designates the remote dictio-
nary cache 5 (step S103), then control goes to the step S1085,
whereat dictionary information 1s read out from the remote
dictionary cache 4. If there exists the dictionary entry and
the pointer classification designates the dictionary server
(step S103), then control goes to the step S106, whereat a
destination of retrieval request to other dictionary server 1s
set to L and the dictionary retrieval request 1s 1ssued. The
reason that the destination of retrieval request 1s set to L 1s
that 1t 1s clear that other dictionary server which executes the
retrieval request has dictionary mformation. Then, control
goes to the next decision step S107, whereat it 1s determined
whether or not the retrieval request to other dictionary server
1s successiul. If the retrieval request to other dictionary
server 1s successiul as represented by a YES at the decision
step S107, then the processing at a step S108 1s executed. It
on the other hand the retrieval request 1s not successtul as
represented by a NO at the decision step S107, then the
processing at a step S109 1s executed.

In the step S108, the retrieval result thus obtained 1s
returned to the client of the destination of the retrieval
request. The structure of the returned data 1s similar to that
shown 1n FIG. 9. While the thus obtained retrieval result 1s
directly returned to the client which requests the retrieval
when the retrieval request 1n the dictionary server 1s
executed recursively as described above, the present inven-
tion 1s not limited thereto, and the obtained retrieval result
may be returned through the dictionary server which medi-
ates the retrieval request.

If the retrieval 1 other dictionary server is not successiul
as represented by a NO at the decision step S107, then
control goes to the next decision step S109, whereat it 1s
determined whether or not the destination of retrieval
request 15 R. If the destination of retrieval request 1s R as
represented by a YES at the decision step S109, then control
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goes to a step S110. If the destination of retrieval request 1s
not R as represented by a NO at the decision step S109, then
control goes to a step S113.

If the destination of retrieval request 1s R, then control
goes to the step S110, whereat it 1s checked whether or not
the dictionary retrieval to other dictionary server 1s stopped.
If the dictionary retrieval to other dictionary server 1s not
stopped, then the dictionary information retrieval of the
dictionary entry 1s requested to other dictionary server. It 1s
determined based on the retrieval depth and the time of
retrieval request 1ssued 1n the retrieval request data whether
or not the dictionary retrieval 1s stopped. The server of
dictionary of retrieval request 1s determined based on the
priority described in the step S25 (FIG. 7). The details were
already described at the step S25, and therefore need not be
described herein. Then, control goes to the next decision step
S111, whereat 1t 1s determined whether or not the retrieval
request 1s successtul. If the retrieval request 1s successiul as
represented by a YES at the decision step S111, then control
goes to a step S112, whereat the dictionary server evaluation
list 8 1s updated. The dictionary server evaluation list 8 1s
similar to that shown 1n FIG. 14. The manner in which the
equivalent 1s changed by the user will be described later on.
Here, the retrieval frequency of the corresponding dictionary
server 1s Incremented by one, and the success frequency 1s
incremented by one.

If the retrieval classification 1s not R as represented by a
NO at the decision step S109, and if the retrieval request 1s
not successiul as represented by a NO at the decision step
S111, then control goes to the step S113, whercat the
dictionary server evaluation list 8 1s updated. Here, only the
retrieval frequency 1s incremented by one. Then, control
ogoes 1o a step S114, whereat the error code 1s returned to the
retrieval request destination. Then, control goes to a step
S115, whereat the URL translation frequency list 7 1is
updated, and then control 1s ended.

According to the above-mentioned processing, dictionary
information concerning the dictionary entry of which the
dictionary information 1s requested to be retrieved by the
client may be returned to the client.

The client m this embodiment 1s not necessarily an
apparatus exclusively-designed for translation. An equal
processing can be executed by installing a computer pro-
oram for adding a communication function and a translation
function on a general information processing apparatus
having an information processing function.

According to a communication program loaded with the
communication function, it becomes possible to request a
retrieval to other information processing apparatus con-
nected through the network or to receive any mnformation. In
the case of the translation, a variety of information such as
a meaning of a word, a role on the grammar, a derivative and
a background i which the word 1s generated may be
received.

The program for adding the translation function desig-
nates the following processing.

Initially, a translation target document to be translated 1s
analyzed 1in a morphological analysis fashion
(corresponding to the step S401 in FIG. 16), and a meaning
of a word to be looked up 1n a dictionary 1s examined by a
dictionary of its own terminal (corresponding to the steps
S402, S403 in FIG. 16). The dictionary may be prepared as
a part of the ftranslation program and installed on the
information processing apparatus on the client side together
with the translation program. Alternatively, a dictionary
database of a desired language may be prepared separately.
At any rate, a dictionary has to be set 1n a close range as an
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apparatus on the client side, and hence a word can be easily
looked up 1n a dictionary.

If the processing for looking up a word in a dictionary by
using a dictionary prepared in the apparatus on the client
side 1s successtul, then by using equivalents obtained from
the dictionary, the syntactic analysis, the syntactic transfer,
the generation of translated sentence and the display of
translated sentence (corresponding to the steps S405 to S408
in FIG. 16) are executed, and then the translation processing
of the translation unit (predetermined unit of sentence,
clause, grammar, meaning, etc.) is ended. A similar process-
ing 1s sequentially executed on the next translation, and
translated sentences are displayed on a display apparatus of
the 1nformation processing terminal on the client side.

If an equivalent of a word (candidate word looked up in
a dictionary) i1s not discovered from the dictionary of the
terminal on the client side, then a hypothesis (or temporary
translation) is set in that equivalent (unknown word)
(corresponding to the step S404 in FIG. 16).

Then, as the processing executed by the apparatus on the
client side, the processing ranging from the syntactic analy-
sis to the display of the translated sentence (however, the
hypothesis (or temporary translation)) portion is displayed in
the state of the words that are presented before the transla-
tion by drawing an under-line or changing a color of
characters or a color of a background) 1s continuously
executed under the assumption that the hypothesis (or tem-
porary translation) is correct.

On the other hand, the word 1n which the hypothesis 1s set
1s paused from being determined 1n translation in the appa-
ratus on the client side as described above. While other
succeeding portion 1s translated continuously, during the
succeeding portion 1s translated, the apparatus on the client
side requests a retrieval of information concerning an
unknown word to other information processing apparatus
through the network (corresponding to the step S403 in FIG.
16).

Information concerning the unknown word 1s information
necessary for the translation such as a meaning of unknown
word 1n a dictionary or a grammatical rule, and means
information that cannot be learned by only the apparatus on
the client side.

The apparatus on the client side manages the hypothesis
set to the unknown word which 1s mnquired to other mfor-
mation processing apparatus 1n the form of a table
(corresponding to the step S409 in FIG. 16).

While the apparatus on the client side continuously trans-
lates the document under the condition that the hypothesis 1s
set on the translation of the unknown word, the apparatus on
the client side monitors the reception of the result with
respect to the retrieval of the mmformation concerning the
unknown word transmitted to other information processing
apparatus. If the apparatus on the client side receives the
retrieval result (corresponding to the step S410 in FIG. 16),
the apparatus on the client side compares the hypothesis set
on the translation of the unknown word with the received
retrieval result. If 1t 1s determined that the hypothesis is
incorrect, then the translation based on the hypothesis is
determined (corresponding to the steps S411 to S413 in FIG.
16). Then, until the translation of the document to be
translated 1s completed by correcting the displayed final
translated sentence, the translation unit 1s read 1n, 1t 1S
determined whether the setting of the hypothesis 1s approved
or not, the hypothesis 1s inquired, and the translation is
executed at the same time. Also, information concerning the
hypothesis 1s obtained and judged, and the translated result
1s combined.
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The program for executing the above-mentioned process-
ing 1s stored 1 a magnetic recording medium such as a
floppy disk, an optical recording medium such as a
CD-ROM, a DVD disc or an optical card, a magneto-optical
recording medium and a semiconductor memory such as a
flash memory. This program may be read in a CPU of a
computer system and downloaded from a storage of other
information processing apparatus to a memory of 1ts own
terminal through a network, in which it may be processed by
a CPU.

Incidentally, while the dictionary information of the
unknown word 1s retrieved when the portion that cannot be
translated 1s the unknown word as described above by way
of example, the present 1nvention 1s not limited thereto and
may be easily extended to the retrieval of other translation
knowledge. By way of example, the case 1n which
co-occurrence data for the syntactic analysis are retrieved
from a translation knowledge server will be described below.

The co-occurrence data are a set of words related to each
other from a meaning standpoint and which tend to appear
simultaneously. If such co-occurrence data are accumulated,
then 1t 1s possible to cancel an ambiguity in the machine
translation processing. FIG. 23 shows such an example. The
sentence shown 1n FIG. 23 as an example has two ambigu-
ities from a syntax standpoint. Specifically, a preposition
phrase “with four doors” modifies either a noun phrase “a
car’ or a verb phrase “bought a car”. In this case, if
co-occurrence data (car has doors) of (car, door) are stored,
then 1t 1s possible to obtain a correct answer.

Since such co-occurrence data are information of a set of
words, co-occurrence data of the which the number 1s as
large as square of the dictionary information are required,
and become large 1n size as compared with a dictionary.
Therefore, 1t 1s not practical for the users to individually
POSSess co-occurrence information.

If the present invention 1s applied to the above-mentioned
case, then at the time an ambiguity occurs when the syntax
1s analyzed in the translation processing, the apparatus on
the client side requests a retrieval of co-occurrence infor-
mation to the dictionary server. At the same time, the
apparatus on the client side outputs a result by temporarily
executing the translation processing in accordance with
default information (it is generally judged that a modifier
modifies word, phrase, etc. located at the closest position).
At the time the co-occurrence mformation are returned, the
apparatus on the client side compares an analyzed result of
a default with an analyzed result based on the co-occurrence
information. If the compared result 1s correct, then the
apparatus on the client side continues the processing. If the
compared result 1s not correct, then the apparatus on the
client side can obtain a correct translated sentence by
executing the analysis processing with the co-occurrence
information.

Further, when the apparatus on the client side recognizes
a portion that cannot be translated, the client transmits a
sentence containing the portion that cannot be translated to
the dictionary server, executes the translation processing in
the dictionary server, and returns a translated result to the
server. If the translated result obtained by the client and the
translated result obtained by the server agree with each
other, then the processing 1s executed as it 1s. If they are
different from each other, then the result obtained by the
client may be replaced with the translated result obtained by
the server.

As described above, 1n application, the present invention
1s not limited to only dictionary information, and a combi-
nation of the client and a high-order server which provides
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a translation knowledge 1s able to provide a translation of a
high quality through the network.
(d) To Share Dictionary Information

A processing for sharing equivalent. alteration informa-
fion by a user in a machine translation method using a
dictionary server will be described next. It 1s frequently
observed that a bilingual dictionary has a plurality of equiva-
lents with respect to one dictionary entry. In this case, it 1s
frequently observed that an equivalent selected by a machine
translation system upon translation 1s incorrect. Heretofore,
there has been known a system 1n which other equivalents
are displayed 1n accordance with an instruction of the user
and a suitable equivalent 1s selected by the user. Further, 1f
the system learns information selected by the user, then in
order to execute the succeeding equivalent selection pro-
cessing correctly, when an equivalent 1s selected 1n a post
edit, a new equivalent can automatically be stored 1n a user
dictionary. The above-mentioned technology 1s based on an
idea that an equivalent may uniquely be determined in a
certain specific field whose translation 1s desired by the user.
However, according to the above-mentioned method of the
related art, a high translation accuracy cannot be obtained.

For example, “president” in English has two equivalents of

“# 77 and “x#%” 1 Japanese. However, 1t 1s not possible
to correctly determine the equivalent of the word “president”
by the above-mentioned rough method using the field.

According to the present invention, since the dictionary
server 1s shared by a number of clients so that dictionary
information concerning the same HTML document 1is
retrieved a number of times, 1f equivalent selection mfor-
mation obtained by the user 1s stored at every document,
then 1t becomes possible to select equivalents with a high
accuracy. The equivalent alteration information sharing pro-
cessing will be described below.

Initially, a processing executed on the client side will be
described with reference to a flowchart of FIG. 24. This
processing will be described with an example in which an

equivalent of “president” becomes “AigsE~ by mistake as
shown 1n FIG. 25.

When the user discovers an incorrect equivalent or a
portion whose meaning 1s doubtful during the user 1s reading
a sentence displayed on the screen, the user instructs the
corresponding portion on the screen by a pointing device
such as a mouse. In the case of this example, the user
instructs “president”. At that time, the system detects the
word instructed on the screen by the user (step S501).
Incidentally, the system can be easily extended in such a

manner that, when the user instructs “A#4i ", the user can
obtain “president” with reference to a correspondence rela-
tionship between English word and Japanese word obtained
by a Japanese-English dictionary and the translation pro-
cessing. Then, the system retrieves a dictionary by using the
above-mentioned words as dictionary entries and checks
whether or not there exist dictionary entries (step S502). In
that case, with respect to the processing of the inflection, the
processing 1s executed 1n the same way as described 1n the
step S303. Also, the dictionary retrieval targets are both of
the temporary dictionary retrieved from the dictionary server
and the dictionary which the client includes. If the dictionary
entry exists 1n the temporary dictionary and the client’s
dictionary, all of candidate words of equivalents are dis-
played on the screen (step S504). FIG. 26 shows an example
of candidate words of equivalents displayed on the screen.
If the dictionary entry 1s not found 1n the dictionary, then the
point 1ndicating that the dictionary entry 1s not found 1s
displayed to the user, and the system awaits the next
processing 1n which the user instructs a word.
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When the candidate words of the equivalents are dis-
played on the screen, if the user finds out a correct equivalent
by examining the displayed candidate words of the
equivalents, then the user mstructs the correct equivalent by
a suitable pointing device such as a mouse. It 1s determined
by the system at a decision step S505 whether or not the user
instructs the alteration of the equivalent. If the user mnstructs
the alteration of the equivalent as represented by a YES at
the decision step S505, the control goes to a step S506,
whereat the equivalent 1s altered and the altered equivalent
1s displayed on the screen. As a consequence, the translated
sentence 15 changed as shown in FIG. 27. Finally, control
goes to a step S507, whereat the system transmits a set of
dictionary entry designated by the user and the selected
equivalent to the dictionary server.

A processing on the dictionary server side 1n the equiva-
lent alteration information sharing processing will be
described with reference to FIG. 28. Referring to FIG. 28,
and following the start of operation, control goes to a
decision step S601, whereat when receiving the equivalent
alteration i1nformation, the dictionary server retrieves the
dictionary entry from the received data by the distributed
dictionary index 9. If the dictionary entry does not exist as
represented by a NO at the decision step S601, then control
goes to a step S607. If on the other hand the dictionary entry
exists as represented by a YES at the decision step S601,
then control goes to a step S602, whereat a dictionary
information pointer 1s obtained. Then, control goes to a step
S603, whereat a pointer classification 1s judged. If the
pointer classification 1s C, then control goes to a step S604.
If the pointer classification 1s R, then control goes to a step
S605. If the pomter classification 1s L, then control goes to
the step S607. In the step S607, a dictionary server is
obtained from the remote dictionary cache 5. In the step
S605, a dictionary server name 1s obtained from the distrib-
uted dictionary mndex 9. In a step S606, the dictionary server
name thus obtained 1s retrieved 1n the dictionary server
evaluation list 8 and the equivalent alteration frequency is
incremented by one. In the next step S607, a dictionary
corresponding to URL 1s created from the received data.
FIG. 29 shows an arrangement of the dictionary correspond-
ing to URL. Incidentally, while the dictionary corresponding
to URL 1s arranged as a separate file as described above,
equivalents may be registered on the server dictionary and
the remote dictionary cache § and the URL may be described
as the equivalent selection condition with similar effects
being achieved.

If the equivalent alteration executed by the user on the
client side 1s reflected on the dictionary corresponding to
URL, then it becomes possible for other users to share the
correct equivalent which is selected by a certain user to a
certain URL. While the dictionary information 1s transmitted
in response to the retrieval request on the client side accord-
ing to the embodiment of the present invention, the dictio-
nary information in the dictionary corresponding to URL 1s
also useful for translating words other than unknown words.
Therefore, the present mvention may take the following
variant. That 1s, at the time the translation 1s started in the
client, a URL of a document to be translated 1s transmitted
to the dictionary server regardless of whether an unknown
word exists or not. If there exists a dictionary corresponding,
to the URL of the document to be translated, then dictionary
information 1n the dictionary corresponding to URL are
transmitted to the client all together.

According to the above-mentioned processing, the user 1s
able to use a dictionary of a large scale located on the
dictionary server. Thus, the user can obtain a translated
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sentence of a high quality as compared with the case 1n
which the user uses only the dictionary which the client has
locally. Further, even when a speed of a network 1s low,
equivalents may be displayed on the screen 1n the sequential
order 1n which dictionary information are obtained. Thus, as
compared with the case 1 which the processing is executed
after all information were obtained, the user can use the
system more conveniently. Moreover, 1if information 1n
which the user alters the equivalent is returned to the server
and such information 1s shared by the users, then 1t 1s
possible to use the equivalent of higher quality. Further, the
dictionary server can respond to the retrieval request of the

user at a high speed by previously collecting words having
a large possibility that hey will receive the retrieval request
from the client. Furthermore, 1f dictionary information does
not exist on the dictionary server, then by estimating other
dictionary server having a large possibility that it will have
a required dictionary entry, 1t becomes possible to return
desired dictionary information to the client at a low com-
munication cost.

The dictionary server includes the server dictionary and
the dictionary index in which there are stored words 1n the
server dictionary and the dictionary entries of dictionaries
existing 1n other dictionary server. The dictionary server
returns dictionary information 1n the server dictionary with
respect to the word existing in the server dictionary in
response to the retrieval request from the client, and 1ssues
the retrieval request to other dictionary server with respect
to words existing 1n other dictionary servers. Furthermore, 1t
it 1s not clear which dictionary server the word to be
retrieved exists, then dictionary servers having a large
possibility that they will have dictionary information are
estimated statistically, and the retrieval request 1s i1ssued.
Thus, the dictionary information of the dictionaries distrib-
uted on the network can be retrieved efficiently.

The client recognizes the portion that cannot be translated
such as the unknown word during the translation processing
1s executed on the client. Then, the client requests the
retrieval of the translation knowledge with respect to the
syntactic unit containing the above-mentioned portion that
cannot be translated and which 1s arranged from a syntax
standpoint to the dictionary server, and continues the trans-
lation of the contents following the above syntactic unit. At
the time the translation knowledge 1s returned from the
dictionary server to the client, the client creates the trans-
lated sentences of the whole of the document to be translated
containing the above-mentioned portion that cannot be
translated. Thus, even when the speed of the network 1s low
and there 1s required a lot of time to issue the retrieval
request to the dictionary server, 1t 1s possible to provide a
translation system which 1s convenient for the user.

Furthermore, if the equivalent alteration information
entered by the user 1s stored 1n response to the URL of the
HTML document which becomes the translation target, then
when other user translates the same document one more
time, 1t becomes possible to provide equivalents of a higher
quality.

Having described a preferred embodiment with reference
to the accompanying drawings, it 1s to be understood that the
invention 1s not limited to that precise embodiment and that
various changes and modifications could be effected therein
by one skilled in the art without departing from the spirit or
scope of the 1nvention as defined in the appended claims.

What 1s claimed 1s:

1. A machine translation method for translating a docu-
ment by using a translation knowledge stored 1n a storage in
an information processing apparatus connected to a network,
comprising the steps of:
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transmitting, during a time translating a sentence written
1n a first language, an inquiry for inquiring a translation
knowledge for translating a syntactic unit of said sen-
tence written 1n said first language containing an
unknown word to said network, after translating other
words of said sentence 1nto a second language, if said
unknown word that cannot be translated into said
second language 1s recognized during translation of
said document;

estimating a part of speech for said unknown word to
apply a hypothesis-setting rule during translation of
sald sentence;

continuing translation of a syntax following said syntactic
unit of said sentence; and

translating said syntactic unit of said sentence by using an
answer to replace the translation of said sentence when
said answer to said 1nquiry 1s received.

2. A machine translation method as claimed 1n claim 1,
wherein said inquiry step includes a first sub-step for out-
putting said syntactic unit translated 1n the form of having
said unknown word temporarily processed but in said first
language when said unknown word that cannot be translated
into said second language i1s recognized, and said syntax
completion step 1ncludes a second sub-step for outputting a
syntactic unit 1n which said unknown word 1n said syntactic
unit 1s translated into said second language by using said
aANSWET.

3. A machine translation method as claimed 1n claim 2,
wherein said first sub-step includes a sub-step for translating,
said syntactic unit into said translated syntactic unit 1 the
form of having said unknown word processed temporarily
but 1n said first language by estimating a part of speech to
which said unknown word belongs, and said second sub-step
includes a sub-step for comparing an estimated part of
speech with a part of speech of said unknown word con-
tained 1n said answer, translating said unknown word 1f said
estimated part of speech and said part of speech of said
unknown word agree with each other, and translating again
said syntactic unit based on said answer if said estimated
part of speech and said part of speech of said unknown word
do not agree with each other.

4. A machine translation method as claimed 1n claim 1,
wherein said translation step includes a sub-step for trans-
lating said syntactic unit into a translated syntactic unit in the
form of having said unknown word processed temporarily
but 1n said first language by estimating a part of speech to
which said unknown word belongs, and said syntax comple-
tion step includes a sub-step for comparing an estimated part
of speech with a part of speech of said unknown word
contained 1n said answer, translating said unknown word 1t
said estimated part of speech and said part of speech of said
unknown word agree with each other, and translating again
said syntactic unit based on said answer if said estimated
part of speech and said part of speech of said unknown word
do not agree with each other.

5. A machine translation method according to claim 1,
further comprising the steps of:

outputting a plurality of equivalents corresponding to
dictionary entries in the syntax 1n said document to an
output apparatus together with an alternative request
during translation of said document; and

using an equivalent designated by a user from said output
apparatus and storing a designated word 1n a dictionary

of said storage.
6. A machine translation method according to claim 1,
wherein said translation knowledge includes co-occurrence
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data 1ndicating a set of words having related definitions for
the syntactic analysis that are usable to cancel an ambiguity
during said translation.

7. A machine translation method according to claim 1,
further comprising a step of displaying said sentence 1n said
second language including said unknown word 1n said first

language.

8. A computer readable storage medium used 1n an
information processing apparatus connected to a network
and which 1s used to translate a document by using a

translation knowledge, comprising:

a command code for transmitting, during a time translat-
Ing a sentence written 1n a first language, an imquiry for
inquiring a translation knowledge for translating a
syntactic unit of said sentence written 1n said first
language containing an unknown word and a correct
crammar to said network, after translating other words
of said sentence 1nto a second language, when said
unknown word that cannot be translated into said
second language 1s recognized during translation of a
document;

a command code for estimating a part of speech for said
unknown word to apply a hypothesis-setting rule dur-
ing translation of said sentence;

a command code for continuing translation of a syntax
following said syntactic unit of said sentence; and

a command code for translating said syntactic unit of said
sentence by using an answer to replace the translation
of said sentence when said answer to said inquiry 1s
received.

9. A computer readable storage medium as claimed in
claim 8, wherein said command code for transmitting an
inquiry includes a first sub-command code for outputting a
translated syntactic unit in the form of having said unknown
word temporarily processed but 1n said first language when
saild unknown word that cannot be translated into said
second language 1s recognized, and said command code for
completing translation includes a second sub-command
code for outputting said translated syntactic unit 1n which
sald unknown word 1n said syntactic unit 1s translated by
using said answer.

10. A computer readable storage medium as claimed in
claim 8, further comprising a command code for displaying
saild sentence 1n said second language including said
unknown word 1n said first language.

11. An mformation processing apparatus connected to a
network for translating a document by using a translation
knowledge, comprising;:

a dictionary;

an inquiry device for transmitting, during a time translat-
Ing a sentence written 1n a first language, an imquiry for
inquiring said translation knowledge for translating a
syntactic unit of said sentence written in said {first
language containing an unknown word and a correct
grammar to said network, after translating other words
of said sentence into a second language, when said
unknown word that cannot be translated into said
second language 1s recognized during translation of
sald document; and

a translation device for estimating a part of speech for said
unknown word to apply a hypothesis-setting rule dur-
ing translation of said sentence, and for continuing
translation of a syntax following said syntactic unit of
saild sentence, and in which said translation device
translates said syntactic unit by using an answer to
replace the translation of said sentence when said
answer to said inquiry 1s received.
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12. An 1nformation processing apparatus as claimed 1n
claim 11, wherein said mquiry device outputs said syntactic
unit translated 1n the form of having said unknown word
temporarily processed but 1n said first language when said
unknown word that cannot be translated into said second
language 1s recognized, and said translation device outputs
a syntactic unit in which said unknown word 1n said syn-
tactic unit 1s translated into said second language by using
said answer.

13. An mformation processing apparatus as claimed 1in
claim 11, further comprising:

a retrieval device for retrieving said dictionary when a
dictionary retrieval request concerning a dictionary
entry of a document 1s received; and

a transmission device for transmitting a retrieval request
to said network when said dictionary entry does not
exist 1n said dictionary, and 1n which said transmission
device determines a transmission destination to which
said retrieval request 1s transmitted based on priorities
supplied to a plurality of other dictionary servers by
retrieval results received to a plurality of past retrieval
requests and a field of said dictionary entry.

14. An 1nformation processing apparatus as claimed in
claim 13, wherein said retrieval device retrieves said dic-
tionary when a dictionary retrieval request concerning a
dictionary entry of a document 1s received; and wherein said
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transmission device transmits a retrieval request to said
network when said dictionary entry does not exist 1n said
dictionary, and determines a transmission destination to
which said retrieval request 1s transmitted based on a priority
supplied to a plurality of other dictionary servers by retrieval
results received in response to a plurality of past retrieval
requests and a field of said dictionary entry.

15. An 1nformation processing apparatus as claimed in
claim 13, wherein said dictionary 1s constructed for retrieval
by:

determining importance of a plurality of documents based

on respective frequencies of retrieval requests to said
plurality of documents on said network;

retrieving an important document from said plurality of
documents in order to recognize an unknown word;

outputting an important unknown word to an output
apparatus together with an input request of a corre-
sponding equivalent; and

memorizing an equivalent mputted on said output appa-

ratus 1n said dictionary.

16. An information processing apparatus according to
claim 11, further comprising a display device for displaying
said sentence 1n said second language including said
unknown word 1n said first language.
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